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ABSTRACT 



An industrial control system comprises a first motion control 
system including a first motor and a first motion controller, 
a second motion control system including a second motor 
and a second motion controller, and a user program. The user 
program is executable by the industrial control system to 
control the first and second motion control systems. When 
the user program is displayed to a user, the user program 
comprises the following graphical elements. In particular, 
the user program includes a first icon which represents the 
first motion control system, a second icon which represents 
the second motion control system, and a third icon which 
represents a physical relationship between the first and 
second motion control systems. Finally, also displayed to the 
user is a plurality of data flow lines that connect the first, 
second, and third icons and that represent a flow of data 
between the icons. The various icons are all preferably 
implemented in an object-oriented programming environ- 
ment. 

24 Claims, 7 Drawing Sheets 
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SYSTEM LEVEL DATA FLOW ladder logic languages. Typically, with a windows-based 

PROGRAMMING INTERFACE FOR A sequential programming interface, the user program is 

MULTI-AXIS INDUSTRIAL CONTROL graphically displayed in the form of a scries of commands 

SYSTEM mat m executed sequentially. For example, during 

5 programming, the user may drag and drop a timer icon and 

BACKGROUND OF THE INVENTION a move icon into the user program. When the user clicks on 

1. Field of the Invention ^ timer ! con > a box ^user to 

, , program the timer for a specified period of time. Likewise, 

This invention relates to programming interfaces for w hcn the user clicks on the move icon, a dialog box appears 

industrial control systems. In a particularly preferred ma t allows the user to program the parameters of the move, 

embodiment, this invention relates to a programming inter- » such M ^ find position) me max imum velocity, and so on. 

face for an industrial control system in which the control ^ U ser may then connect timer icon and the move icon 

system comprises multiple motion control axes, and in ^ a connection line to indicate that, after the timer icon 

which the programming interface graphically provides the ^ execllted) the move icon should be executed. Thus, the 

user with data flow information pertaining to the physical way m which me program ^ organized on the screen is 

relationship between the various motion control axes. ™ mdicative of ^ of events mat ^ programm ed to 

Z Description of Related Art occur. 

Industrial control systems are used in a wide variety of When a move or other motion command is executed, the 

operations such as manufacturing, processing, packaging position control loop is provided with incremental reference 

and so on. Typically, an industrial control system comprises ^ position information to control the motor to obtain the 

one or more industrial controllers, such as programmable commanded position. In practice, the position reference 

controllers, which control a plurality of output devices based values may be provided every few milliseconds or so in the 

on input status information from a plurality of input devices. form of delta position information (change in position since 

In a multi-axis industrial control system, the industrial the last update time) rather than absolute position informa- 

control system also comprises multiple motion control axes. 25 uon * The position control loop then compares the actual 

Each motion control axis comprises a motion control system position of the motor (obtained from a feedback sensor) with 

that may include for example a motion controller, a servo a given position reference, and operates to cause the motor 

drive and an electric motor. like the other output devices, to "chase after" the position references until the final posi- 

the various motors of the motion control axes are controlled tion is reached. 

based on input status information from the plurality of input ^ In addition to move commands, other types of commands 

devices. The motion control axes are controlled in coordi- are also available to users in multi-axis situations. For 

nated fashion such that various activities occur in synchro- example, it is known to implement gear relationships and 

nism as required by the controlled process. position cams in a sequential programming language envi- 

Each motion controller is connected to a respective one of ronment. For example, a gear icon may be provided (or a 

the servo drives that is in turn connected to a respective one 35 pair of icons for starting and stopping) that allows a user to 

of the motors. In combination, the motion controller and the program a gear ratio between two motion control axes, 

servo drive implement a position feedback control loop, a When the user clicks on the gear icon, a dialog box appears 

velocity feedback control loop that is nested within the that allows the user to program the parameters of the 

position feedback control loop, and a torque/current control two-axis relationship. Typically, one motion control axis 

loop that is nested with the velocity feedback control loop. 40 will be designated as the master axis, another motion control 

(Because torque and current are proportional, the same loop axis will be designated as the slave axis, and a gear rela- 

can be viewed as either a torque control loop or a current tionship will be specified between the two axes. Additional 

control loop.) In combination, the motion controller and the slave axes may also be specified. Then, in operation, when 

servo drive are capable of accepting a position command the start-gear icon is encountered, the two motion control 

and in response generating current to drive the motor and 45 systems for the two motors wiU operate to electronically 

thereby to control the motor to obtain the commanded maintain the specified ratio between the two motion axes, 

position. Motion controllers may for example be provided in This arrangement has worked well in situations where the 

the form of modules for a programmable controller system number of motion control axes is relatively smalL When 

or as PC-based expansion cards or stand-alone units that there are only a few motion control axes in the motion 

communicate with the programmable controller system via 50 control system, it is not particularly difficult for the user to 

a network communication link Servo drives are usually maintain an understanding of the relationships between the 

provided as stand-alone units or are integrated with stand- various motion control axes. 

alone motion controllers. However, as industrial control systems have become more 

Industrial control systems typically operate based on complex, this arrangement has been found to be unsatisfac- 

execution of a user program that is tailored to the industrial 55 tory. In some systems, it is possible to have thirty-two or 

control system and its intended use. The user program may sixty-four motion control axes in a single industrial control 

be executed in the processor module of the industrial system. In such situations, it is difficult for the user to 

controller, or distributed computing techniques may be maintain an understanding of the relationships between the 

utilized such that the user program (which may comprise various motion control axes due to the large number of axes 

multiple subprograms) is executed both at the processor so in the industrial control system. The relationship between 

module and at the motion controllers. In an industrial control various motion control axes is not readily ascertainable with 

system with multiple industrial controllers, the user program existing programming interfaces. For example, the gearing 

may also be executed at the other industrial controllers and relationship between two axes is normally not displayed to 

any additional motion controllers associated with the other the user unless the user clicks on the gear icon to bring up 

industrial controllers. 65 the dialog box that provides additional information. As the 

Conventionally, industrial control systems have been pro- number of motion control axes increases, it becomes 

grammed using sequential programming languages, such as increasingly cumbersome to have to click on each individual 
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icon to obtain additional information regarding the relation- third icon which represents a physical relationship between 
ship of the various motion control axes. There is no way to the first and second motion control systems. Finally, also 
simultaneously display information pertaining to the physi- displayed to the user is a plurality of data flow lines that 
cal relationship between the various motion control axes in connect the first, second, and third icons and that represent 
a single, coherent manner. 5 a flow of data between the icons. Again, the various icons are 
Additionally, a further complication arises where multiple all preferably implemented in an object-oriented program- 
industrial controllers are used in the motion control system ming environment 

and each industrial controller is individually programmed. Advantageously, the programming interface according to 
For example, if multiple programmable logic controllers are the preferred embodiment of the invention explicitly indi- 
used, and each programmable controller has its own user io cates the physical relationship between the various motion 
program with each user program controlling only a subset of control axes. The various motion control axes are repre- 
the various motion control axes, then the physical interre- sentedby icons, and the icons are connected with connection 
lationship is not ascertainable from any given one of the user lines that represent data flow between the motion control 
programs, regardless of how the information is displayed to axes. Additional icons are provided that show relationships 
the user. 15 such as gearing, position cams, time cams, and so on. The 
Finally, this arrangement provides only limited flexibility programming interface is thus organized based on the physi- 
and does not easily allow for complex relationships between cal relationship between the axes, and the physical relation- 
motion control axes. In conventional systems that employ a ships for the entire system are displayed to the user in a 
sequential programming language, the number of motion single workspace, without the user having to click oo 
commands that can be employed for any given axis is 20 numerous icons. 

typically fixed at a small number of different types. The use Additionally, further advantages are provided where 

of virtual axes in these systems provides additional motion control axes are used that are connected to multiple 

flexibility, but is cumbersome and hampers the user's efforts industrial controllers. The preferred programming interface 

to maintain an overall understanding of the physical system. graphically provides the user with concise information 

25 regarding the physical relationships between various motion 
BRIEF SUMMARY OF THE INVENTION axes throughout the entire industrial control system, 
The present invention overcomes the drawbacks of exist- even though some of the motion control axes are coupled to 
ing approaches. According to a first aspect of the invention, different industrial controllers. The programming interface 
the invention provides a method of programming an indus- makes it possible to display this information without clut- 
trial control system comprising connecting a first, second, 30 tering the display with implementation details, such as those 
and third icons with first and second data flow lines and pertaining to the network and hardware implementation of 
displaying the connection of the first, second, and third icons the various motion control systems. The programming inter- 
with the first and second data flow lines to a user. The first face therefore facilitates programming at the system level, 
icon represents a first motion control axis that includes a first Finally, the preferred programming interface is robust and 
controlled electric motor, the second icon represents a readily allows users to define complex relationships between 
second motion control axis mat includes a second controlled motion control axes. The programming interface allows 
electric motor, and the third icon represents a physical numerous motion commands to be employed for each axis, 
relationship between the first motion control axis and the The programming interface also lends to the utilization of 
second motion control axis. The connecting and displaying new types of relationships including user-defined relation- 
steps (A) and (6) are performed by a programming interface ships. 

in response to user inputs received at a human-machine Other objects, features, and advantages of the present 

interface. invention will become apparent to those skilled in the art 

Preferably, the first and second data flow lines represent from the following detailed description and accompanying 

the flow of position information between first and third icons 45 drawings. It should be understood, however, that the detailed 

and the third and second icons, respectively. The third icon description and specific examples, while indicating pre- 

may for example be a gear icon or a position cam icon. ferred embodiments of the present invention, are given by 

Preferably, all three icons are implemented as objects in an way of illustration and not limitation. Many modifications 

object-oriented programming environment. and changes within the scope of the present invention may 

The first and second motion control axes may be associ- 50 he made without departing from the spirit thereof, and the 

ated with two different industrial controllers that are con- invention includes all such modifications, 

nected to each other by a network communication link. In BRIEF DESCRIPTION OF THE DRAWINGS 
this event, the displaying steps are performed in a manner 

such that the use of the two different industrial controllers is A preferred exemplary embodiment of the invention is 

transparent to the user. 55 illustrated in the accompanying drawings in which like 

According to another aspect of the invention, an industrial reference numerals represent like parts throughout, and in 

control system comprises a first motion control system W * UC * 1: 

including a first motor and a first motion controller, a second FIG. 1 illustrates an overview of an industrial control 

motion control system including a second motor and a system that is programmed using a programming interface in 

second motion controller, and a user program. The user eo accordance with a preferred embodiment of the invention; 

program is executable by the industrial control system to FIG. 2 illustrates a programming interface utilized to 

control the first and second motion control systems. program the industrial control system of FIG. 1, in accor- 

When the user program is displayed to a user, the user dance with a preferred embodiment of the invention; 

program comprises the following graphical elements. In FIG. 3 illustrates a sequential programming interface that 

particular, the user program includes a first icon which 65 complements the programming interface of FIG. 2; 

represents the first motion control system, a second icon FIG. 4 illustrates the programming of an icon of FIG. 2 in 

which represents the second motion control system, and a greater detail; 
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FIG. 5 illustrates an exemplary set of class relationships loop then compares the actual position of the motor 

for objects usable to implement the programming interface (obtained from a feedback sensor) with a given position 

of FIG. 2 in an object-oriented programming environment; reference, and operates to cause the motor to "chase after" 

FIG. 6 illustrates a coordinate transformation object me Position references until the final position is reached, 

usable in connection with the programming interface of FIG. 5 Referring now to FIGS. 2 and 3, FIG. 2 illustrates 

2- programming interface 100 used to create a user program 

' _ A « T « . . 4 . ... 105. FIG. 3 illustrates a programming interface 200 that is 

FIG. 7 illustrates a CNC interpreter object usable in ^ diocrczic a nadoitionalulerprogrlm205.'nieprogram- 

connection with the programming interface of FIG. 2. ming interface 200 and the user program 205 complement 

DETAILED DESCRIPTION OF THE 10 ^ e P ro S ramm i n S interface 100 and the user program 105 

PREFERRED EMBODIMENTS < md ;. i 5 P ractioe ' me ™* programs 105 and 205 may simply 

be different aspects of the same overall user program. 

Referring now to FIG. 1, FIG. 1 illustrates an overview of Referring first to FIG. 2, by way of overview, the pre- 

an industrial control system 10 that is programmed using a f erre d programming interface 100 comprises a plurality of 

programming interface in accordance with a preferred i CO ns 110-124 which are made available to the user in a 

embodiment of the invention. The industrial control system workspace 107 and which are connected by a plurality of 

10 comprises a plurality of industrial controllers such as connection lines 126. The icons 114 and 116 represent 

programmable controller systems 12 that are interconnected motion control axes, the icons 110 and 112 represent motion 

by way of a communication network 14. The industrial commands, and the icon 124 and the associated connection 

control system 10 further includes a input devices 16 and a ii nes 126 represent the physical relationship between the 

plurality of output devices 17, with the plurality of output motion control axes 114 and 116. The number, type and 

devices 17 being controlled by the programmable controllers interconnection of the icons 110-124 is determined by the 

12 in response to input status information from the input user, who writes the user program via a suitable user 

devices 16. A pair of monitors 18 are disposed on the interface such as a keyboard, mouse and monitor. The user 

communication network 14 and are used to monitor I/O is therefore able to write a user program and visually 

status. examine the manner in which the user program defines the 

In FIG. 1, only two motion control axes are shown. For physical relationship between the various motion control 

purposes of simplicity in describing the preferred program- axes. 

ming interface, the exemplary industrial control system 10 More specifically, the preferred programming interface 
of FIG. 1 has been made relatively simple, as have the ^ 100 provides the user with a workspace 107 and makes 
exemplary user programs described below in conjunction available a plurality of icons that can be dragged into the 
with FIGS. 2 and 3. As will become apparent, however, the workspace 107. The programming interface 100 may for 
preferred programming interface can readily be applied to example be implemented in a windows environment such as 
more complex industrial control systems with 32, 64, 128, or Windows NT® ("Windows NT" is a registered trademark of 
more motion control axes and with more complex user 35 Microsoft Corporation). On one side of the screen is pro- 
programs, vided a palette of generic icons (not illustrated) which the 

As is conventional, the programmable controllers 12 each user can click on to create a new instance of the chosen icon, 

comprise a plurality of modules 19, which are connected to which can then be dragged into the workspace, 

each other by way of a common back plane. The program- As detailed below, the icons are preferably actually 

mable controllers 12 are rack-mounted units that include a objects in an object-oriented programming environment As 

plurality of slots, which are adapted to receive a plurality of a result, when the user clicks on a motion axis icon, for 

modules. For each of the programmable controllers 12, one example, the programming interface 100 creates a new 

of the modules 19 is a motion control module 20 is used to instance of a motion axis object. The palette of generic icons 

implement a motion control system or axis 21-1, 21-2. The may include, for example, a motion axis icon, a trapezoidal 

remaining modules 19 may include, for example, a proces- 45 move icon, a S-curve move icon, a time cam icon, a position 

sor module (for executing the user program), I/O interface cam icon, a gear icon, a monitor icon, an adder icon, a 

modules (for interfacing with the input and output devices), multiplier icon, a user function icon, an input icon, an output 

and other specialized modules (e.g., for establishing an icon, a CNC node icon, and so on. The implementation of 

Ethernet link or connecting to other system hardware). these objects using object-oriented techniques is described 

In addition to a motion control module 20, each motion 50 in greater detail below in conjunction with FIG. 5. 

control axis 21-1 and 21-2 further comprises a servo drive For example, to create the move icon 110, the user clicks 

25, a motor 27 and a feedback sensor 29. In combination, on a move icon on the palette of icons and drags the move 

each respective motion controller 20 and servo drive 25 are icon to the left side of the screen to place the icon in its 

capable of accepting a position command and in response illustrated location. To program the icon, the user clicks on 

generating current to drive the motor and thereby to control 55 the icon, at which time a dialog box 130 appears, as shown 

the respective motor 27 to obtain the commanded position. in FIG. 4. The dialog box 130 allows the user to program 

The motion controller 20 and the servo drive 25 in specifics of the move, such as the end position, the maxi- 

combination implement inter alia a position control loop. mum speed, the maximum acceleration, and the maximum 

Rather than providing the position control loop only with the deceleration. The dialog box also allows the user to give the 

final position, the position control loop is provided with a 60 move command a node name (e.g., "Movel"), as well as 

series of incremental position references, as is conventional. specify an enable command and a done status indicator. This 

In practice, the position reference values are provided in the makes it possible to refer to the move icon (and, more 

form of delta position information (change in position since specifically, to utilize the move parameters defined by the 

the last update) rather than absolute position information. move icon) in an associated sequential program, as detail 

The incremental references are used throughout the move 65 below in conjunction with FIG. 4. 

and are provided at a rate that is on the order of ones of In the example of FIG. 2, the Movel and Move2 icons 110 

milliseconds or tens of milliseconds. The position control and 112 are graphically presented in a manner such that they 
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show exactly the same velocity profile. Conceivably, it 200 and the user program 205 complement the programming 

would also be possible to update the graph shown to the user interface 100 and the user program 105 and, as previously 

on the move icons to take into account the specific param- noted, the user programs 105 and 205 may simply be 

eters of the move as specified by the user. This approach is different aspects of the same overall user program, 

not preferred, however, because it requires larger icons in 5 The programming interface 200 comprises a plurality of 

order for the specific infonnarion contained on the icon to be icons including command icons 210-214. The icons are 

viewable, and therefore reduces the total number of icons made available to the user in a workspace 207 and are 

that may be displayed on the screen at any one time. connected by a plurality of connection lines 226. The 

Ti . ...... ™« - tU 4 - , 1/V7 connection lines 226 represent the temporal relationship 

It may be noted that m FIG. 2, the entire workspace 107 , ^ iL . ™£ . . . . r . . , 

" *" a J u I , " *' . in between the icons in FIG. 3, as is typical m a sequential 

is viewable. OrcLnanly, depending on the complexity of toe » ^ { n e number/type and interface 

mdustnal control system, ,t may be necessary to have toe ^^^iJ^^^J^ programming 

user scroll through the user program, such that the work- . . - - Aft • * _r r 

it i . f** , • • . interface 200 is similar to programming interfaces for con- 

space is actually larger than what fits on the user's screen at ^ ^ for motion 

one time. Encapsulation techmques could also be utilized. ^1 sy^^^ 

After programming one icon, the user then clicks on physical relationship between motion control axes is pro- 

another icon, such as a motion axis icon, and drags the grammed via the programming interface 100 and not the 

motion axis icon into the workspace 107. The user can then programming interface 200. Additionally, instead of using a 

click on the icon to bring up a dialog box to program the graphics-based prograrnming language, such as sequential 

specifics the motion axis, such as the node name, the axis ^ flow c h art or ladder logic languages, another language such 

number, an enable command, a done status indicator, com- ^ c++ ^so be used. As is typical in Windows, the user 

mands for other functions (e.g., homing commands, com- may be given the option to view both workspaces simulta- 

mands that permit testing to be performed, etc.), and so on. neously (e.g., in a "tiled" format), or to alternate between the 

The dialog box is also used to associate the motion axis icon two workspaces. 

wim a specific one of the motioaCT From the user standpoint, the programs 105 and 205 

in FIG. 1. For example, the Axisl icon 114 may be defined ratc to repre sent me operation of the system 10 as 

to represent the motion control axis 21-1 in FIG 1, and the foUows ^ prograin 205 defines sequential operation of the 

Axis2 icon 116 may be defined to represent the motion industrial control system 10. The program 205 starts with the 

control axis 21-2. execution of the Initiate P-Caml command 210 when an 

As more icons are created by the programming interface ^ is received, followed by the execution of the Initiate 

100 in response to user operation of the keyboard and Movel command 212. The Movel command 212 in FIG. 3 

mouse, it will also become necessary to connect the icons corresponds to the Movel icon 110 in FIG. 2. In practice, 

with connection lines 126. Again, this is performed by the this correspondence can be programmed by having the user 

prograrnming interface 100 in response to user operation of specify a command name in the dialog box for the Movel 

the keyboard and especially the mouse. This process con- 35 i con no (e.g., "MovclJN"). When the user programs the 

tinues until a complete user program has been written. Movel command 212, the user then invokes the command 

The user program of FIG. 2 includes first and second name that was specified in the dialog box for the Movel icon 

move icons 110 and 112, first and second motion control axis 110. Likewise, in a C++ program, the name for the command 

icons 114 and 116, first and second monitor icons 118 and to initiate Movel would the command name specified in the 

120, an adder icon 122, and a position cam icon 124. In the 40 dialog box for the Movel icon 110. 

system defined by the user program of FIG. 2, the motion From the user's perspective, the initiation of the Movel 

control axis 21-1, which is represented by the Axisl icon command in FIG. 1 causes the Movel icon 110 in FIG. 2 to 

114, is set up to execute two move commands corresponding begin outputting position references. Of course, the icon 110 

to the Movel icon 110 and the Move2 icon 112. The two is itself just a graphical construct, but conceptually at least 

move commands may be executed simultaneously such that 45 the user's perspective is correct. 

the two move commands are superimposed on each other as The position references output by the Movel icon 110 are 
indicated by the adder icon 122. More likely, the conditions incremental position references that are provided to the 
under which each move command is executed may be position control loop for the motion control axis 21-1. 
different, such that there are times when one move command Although the user specifies a final position when program- 
is executed but not the other move command. When the 50 ming the Movel icon 110, the position control loop is 
motor 27 associated with the motion control axis 21-1 is provided with incremental position reference values to con- 
driven, the associated sensor 29 obtains position information trol the motor to obtain the commanded position. In practice, 
which is provided to a position cam (implemented in the position reference values may be provided every few 
firmware/software) which is represented by the position cam milliseconds or so in the form of delta position information 
icon 124. In operation, the position cam operates to control 55 (change in position since the last update time) rather than 
the motion axis 21-2 so as to maintain a positional or other absolute position information. The position control loop 
physical relationship between the motion control axis 21-1 then compares the actual position of the motor (obtained 
and the motion control axis 21-2. Thus, the physical rela- from a feedback sensor) with a given position reference, and 
tionship between the motion control axes 21-1 and 21-2 is operates to cause the motor to "chase after" the position 
readily apparent from the manner in which the position cam & references until the final position is reached. A preferred 
icon 124 and the Axisl and Axis2 icons 114 and 116 are method and system that can be used to generate position 
connected by the connection lines 126. references in the described manner is disclosed in my 
The manner in which data flows between the icons copending application entitled "Method and Apparatus for 
110-124 in FIG. 2 can be better understood in reference to Generating Reference Values for a Motion Control Loop in 
FIG. 3. Referring now to FIG. 3, FIG. 3 illustrates a 65 an Industrial Control System." filed concurrently herewith, 
sequential flow chart user program 205 that is written using The contents of this application are hereby expressly incor- 
a programming interface 200. The programming interface porated by reference. 
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The delta position value from the Movcl icon 110 is plary set of class relationships for a set of objects that can be 

provided to the adder icon 122. Initially, the Initiate Movc2 used to implement the programming interface 100 is shown 

command 214 has not been initiated, so the delta position in FIG. 5. 

value from the Movel icon 110 is not added to anything Referring now to FIG. 5, the base class is the node 310. 

before being provided to the Axisl icon 114. In response to 5 Each node has a node type and a node number. Instances of 

the delta position values from the Movel command 212, the the node object include an axis object 312, an adder object 

motion controller 20 for the motion control axis 21-1 314, a jog object 316, a move object 318, a time cam object 

controls the associated motor 27 to move towards the 320, a gear object 322 and a position cam object 324. Each 

commanded position. Simultaneously, position information node includes one or more input terminal objects 326 and 

from the sensor 29 is provided to the monitor icon 118 and J(J one or more output terminal objects 328. Typically, the input 

to the position cam icon 124. The monitor icon 118 terminal of one node is connected to the output terminal of 

represents, for example, the monitor 18 in FIG. 1. The another node. 

monitor 18 can therefore be used to provide information The group of objects for a user program has associated 

regarding the position of the shaft of the motor 27, for therewith a list object 330, which maintains two Linked lists, 

example, by displaying a graph showing position versus - The first linked list is a list of all nodes that are connected 

time. The position cam icon 124 has been initiated, to me motion axes in the group of objects that form the user 

therefore, the shaft of the motor 27 of the motion control axis program. The other linked list is determined by the connec- 

21-2 is controlled so as to maintain a predetermined posi- ^ ous between the nodes in the user program, and defines the 

tional relationship (defined by the manner in which the u P date order 85 previously discussed. 

P-Caml icon 124 has been programmed) relative to the shaft ^ previously noted, in the programming interface 100, 

of the motor 27 of the motion control axis 21-1. ^ n mc ^ CT clicks on a motion axis icon, for example, the 

In the illustrated embodiment, the motion control axis programming interface 100 creates a new instance of the 
21-2 is controlled as a function of the actual position of the motion axis object 312. The new instance then assumes all 
motor 27 of the motion control axis 21-1, as indicated by the of thc attributes associated with this class of objects, as is 
sensor 29 for the motion control axis 21-1. However, the ^ ^al in an object-oriented programming environment, 
motion control axis 21-2 could also be controlled as a ^ physical relationships that can be achieved by using 
function of the commanded position of the motor 27 for the me above-mentioned objects (or non-object oriented pro- 
motion control axis 21-1, as indicated by the position gramming icons) will now be described. The jog object 316 
reference values from the adder icon 122. The connection allows a jog to be defined for a motion control axis. A jog 
tines in this case may be partially overlapping, in generally ^ js a motion profile in which the user specifies an end velocity 
the same manner as is shown for the connection line that instead of an end position. Ajog can be either an S-curve jog, 
connects the Axisl icon 114 and the monitor icon 118, and meaning that a continuous acceleration profile is required, or 
the connection line that connects the Axisl icon 114 and the a trapezoidal jog, meaning that a continuous acceleration 
P-Caml icon 124. profile is not required. 

Hie data flow just described is updated every few milli- 35 ^ move ^fat 318 allows a move to be defined for a 

seconds in ongoing fashion. Thus, at each update, a new motion control axis. Amove is a motion profile in which the 

delta position value is transmitted from the Movel icon 110 specifies an end position. Again, a move can be either 

and, if applicable, from the Move2 icon 112 to the adder icon S-curve move, meaning that a continuous acceleration 

122. Further, new delta position information is provided by P rofile ^ required, or a trapezoidal move, meaning that a 

the motion axis icon 114 to the monitor icon 118 and the 40 continuous acceleration profile is not required, 

position cam 124, and so on. In order to ensure that the icons The time cam object 320 allows the desired motor shaft 

are updated in the correct order (to prevent, for example, the position to be specified as a function of time. The user may 

adder icon 112 being updated before the Movel or Move2 be allowed to specify an equation that describes position as 

icons 110 and 112), a linked list may be used in which each a function of time, or may be allowed to specify a series of 

icon is provided with a pointer that points to the next icon 45 points using a time cam editor, in which case a linear or 

to be updated. cubic spline interpolation could be used to generate a 

Referring again to FIG. 3, when execution of the Movel suitable set of equations based on the user's series of points, 

command 212 is complete, the Move2 command 214 is The gear object 322 allows a gear ratio to be specified 

initiated. Accordingly, the Move2 icon 112 then starts gen- between first and second axes. Thus, the gear object may be 

erating delta position values. In this embodiment, the Axisl 50 used to define a master and slave axis with a 4:1 gear ratio, 

icon receives delta position values from either the Movel so that the slave axis moves four times faster than the master 

icon 110 or the Move2 icon 112, because the Movel and axis. 

Move2 commands are not executed simultaneously. The position cam object 324 allows the desired motor 

However, if the Movel and Move2 commands are executed shaft position to be specified as a function of the position of 

simultaneously, then each delta position values from the 55 another motor shaft. This is similar to a gear relationship 

Movel icon is added to a delta position value from the except that the relationship is not a simple ratio. The user 

Move2 icon, such that the motion control axis 21-1 is may be allowed to specify an equation that describes slave 

provided with a move command that is thc superposition of position as a function of master position, or may be allowed 

thc parameters specified by the Movcl icon 110 and the to specify a scries of points using a position cam editor, in 

parameters specified by the Move2 icon 112. 60 which case a linear or cubic spline interpolation could be 

As previously noted, the icons in the programming inter- used to generate a suitable set of equations based on the 

face 100 are preferably objects in an object-oriented pro- user's series of points. 

gramming environment. The use of object-oriented pro- The adder object 312 allows the outputs of any of the 

gramming techniques is preferred because additional other above-mentioned types of objects to be added together, 

functionality (e.g., different types of axis relationships) can 65 For additional flexibility, in addition to an adder object, 

be defined simply by defining new types of objects; thus, other mathematical objects may be defined, such as a 

increased flexibility is achieved. An overview of an exem- multiplier object or, more generally, a user equation object. 
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The set of objects shown in FIG. 5 is exemplary. From 
FIG. 5, it should be apparent that the functionality that can 
be offered to the user can be easily extended by adding 
additional types of objects. Indeed, as previously noted, the 
use of object-oriented programming techniques is preferred 5 
because additional functionality (e.g., different types of axis 
relationships) can be defined simply by defining new types 
of objects; thus, increased flexibility is achieved. 

For example, as shown in FIG. 6, a coordinate transfor- 
mation object 418 is defined that is usable, for example, in Q 
robotics applications in which a robotics arm is provided 
with a "shoulder" axis and an "elbow" axis. In this case, the 
user is allowed to specify moves in an X-Y coordinate 
system, for example using move icons 410 and 412, and the 
coordinate transformation object 418 performs the necessary 
coordinate transformation to first and second joint axes 414 15 
and 416 as a function of the parameters specified by the X-Y 
move icons 410 and 412. 

As another example, shown in FIG. 7, a CNC interpreter 
object 510 may be provided that allows users to program the 
object using a CNC (computer numerical control) program- 20 
ming language. The interpreter object may then have three 
outputs for different motion control axes 512, 514 and 516 
that are controlled on the basis of the CNC program. 
Additionally, a simulator object may be provided that allows 
a user to simulate mechanical element in the controlled 25 
system based on known inputs to the mechanical element 
and based on known dynamic properties of the mechanical 
element. Numerous other possibilities can also be envi- 
sioned. While the use of object-oriented programming tech- 
niques facilitates providing icons with more complex func- ^ 
tionality (because of the robustness of object oriented 
programming), it should also be noted that these icons could 
also be provided without using object-oriented program- 
ming techniques. 

Advantageously, the programming interface according to 
the preferred embodiment of the invention explicitly indi- 35 
cates the physical relationship between the various motion 
control axes. Hie various motion control axes are repre- 
sented by icons, and the icons are connected with connection 
lines that represent data flow between the motion control 
axes. Additional icons are provided that show relationships 40 
such as gearing, position cams, time cams, and so on. The 
programming interface is thus organized based on the physi- 
cal relationship between the axes, and the physical relation- 
ships for the entire system are displayed to the user in a 
single workspace, without the user having to click on 45 
numerous icons. 

Additionally, further advantages are provided where 
motion control axes are used that are connected to multiple 
industrial controllers. The preferred programming interface 
graphically provides the user with concise information 50 
regarding the physical relationships between various motion 
control axes throughout the entire industrial control system, 
even though some of the motion control axes are coupled to 
different industrial controllers. The programming interface 
makes it possible to display this information without clut- 
tering the display with implementation details, such as those 55 
pertaining to the network and hardware implementation of 
the various motion control systems. The programming inter- 
face therefore facilitates programming at the system level. 

Finally, the preferred programming interface is robust and 
readily allows users to define complex relationships between 60 
motion control axes. The programming interface allows 
numerous motion commands to be employed for each axis. 
The programming interface also lends to the utilization of 
new types of relationships including user-defined relation- 
ships. 65 

Many other changes and modifications may be made to 
the present invention without departing from the spirit 
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thereof. The scope of these and other changes will become 
apparent from the appended claims. 
I claim: 

1. A method of programming an industrial control system, 
comprising: 

(A) connecting a first, second, and third icons with first 
and second data flow lines, the first icon representing a 
first motion control axis that includes a first controlled 
electric motor, the second icon representing a second 
motion control axis that includes a second controlled 
electric motor, and the third icon representing a physi- 
cal relationship between the first motion control axis 
and the second motion control axis; and 

(B) displaying the connection of the first, second, and 
third icons with the first and second data flow lines to 
a user; and 

wherein the connecting and displaying steps (A) and (B) 
are performed by a programming interface in response 
to user inputs received at a human-machine interface. 

2. A method according to claim 1, wherein the first and 
second data flow lines represent the flow of position infor- 
mation between first and third icons and the third and second 
icons, respectively. 

3. A method according to claim 2, wherein the position 
information is incremental position information. 

4. A method according to claim 1, wherein the third icon 
at least partially defines a relationship that specifies a 
position of a motor shaft of the second motion control axis 
relative to a position of a motor shaft of the first motion 
control axis. 

5. A method according to claim 1, wherein the third icon 
is a member selected from the group consisting of a gear 
icon and a position cam icon. 

6. A method according to claim 1, further comprising 
connecting a fourth icon to the first icon with a third data 
flow line, the fourth icon being a motion icon pertaining to 
a motion command, and the third data flow line representing 
the flow of incremental position reference values from the 
motion icon to the first icon. 

7. A method according to claim 6, wherein the motion 
icon is a first motion icon, wherein the fourth data flow line 
terminates at a fifth icon which is an adder icon, such that the 
motion icon is connected to the first icon by way of the adder 
icon, and further comprising connecting a sixth icon which 
is a second motion icon to the adder icon by way of a fifth 
data flow line, and wherein the adder icon superimposes the 
outputs of the first and second motion icons. 

8. A method according to claim 1, wherein the first and 
second motion control axes are associated with two different 
industrial controllers that are connected to each other by a 
network communication link, and wherein the displaying 
step is performed in a manner such that the use of the two 
different industrial controllers is transparent to the user. 

9. A method according to claim 1, wherein the first, 
second, and third icons are implemented as objects in an 
object-oriented programming environment 

10. An industrial control system comprising: 

(A) a first motion control system including a first motor 
and a first motion controller; 

(B) a second motion control system including a second 
motor and a second motion controller; and 

(C) a user program, the user program being executable by 
the industrial control system to control the first and 
second motion control systems, and the user program 
when displayed to a user comprising the following 
graphical elements 

(1) a first icon, the first icon representing the first 
motion control system, 

(2) a second icon, the second icon representing the 
second motion control system, 
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(3) a third icon, the third icon representing a physical 
relationship between the first and second motion 
control systems, and 

(4) a plurality of data flow lines that connect the first, 
second, and third icons and that represent a flow of 5 
data between the icons. 

11. An industrial control system according to claim 10, 
wherein the industrial control system comprises first and 
second industrial controllers that are coupled to each other 
by way of a network communication link, and wherein the 10 
first industrial controller is coupled to the first motion 
controller and the second industrial controller is coupled to 
the second motion controller. 

12. An industrial control system according to claim 11, 
wherein the user program is displayed in a manner that is 15 
free of any indication of the interposition of the first and 
second industrial controllers and the network communica- 
tion link between the first and second motion controllers. 

13. An industrial control system according to claim 10, 
wherein the plurality of data flow lines represent the flow of 
position information between the first, second, and third 20 
icons. 

14. An industrial control system according to claim 13, 
wherein the position information is incremental position 
information. 

15. An industrial control system according to claim 10, 25 
wherein the third icon at least partially defines a relationship 
that specifies a position of a motor shaft of the second 
motion control axis relative to a position of a motor shaft of 
the first motion control axis. 

16. An industrial control system according to claim 10, 30 
further comprising first and second motion icons and an 
adder icon, the first and second motion icons being con- 
nected to inputs of the adder icon by first and second 
additional data flow lines, and the output of the adder icon 
being connected to an input of the first icon by a third 35 
additional data flow line. 

17. An industrial control system according to claim 10, 
wherein the first, second, and third icons are implemented as 
objects in an object-oriented programming environment 

18. An industrial control system according to claim 10, 
wherein the third icon is a member selected from the group 40 
consisting of a position cam icon and a gear icon. 

19. An industrial control system according to claim 10, 
further comprising a fourth icon that provides an input to the 
first icon, and wherein the fourth icon is a member selected 
from the group consisting of a move icon, a jog icon, and a 45 
time cam icon. 

20. A programming interface for an industrial control 
system comprising: 

(A) a first object, the first object being an axis object, the 
first object being capable of having multiple instances 50 
thereof created each of which represents a motion 
control axis that includes a controlled electric motor; 
and 

(B) a second object, the second object being capable of 
having multiple instances thereof created each of which 55 
defines a physical relationship between motion control 
axes represented by respective ones of the multiple 
instances of the first object 

21. A method of programming an industrial control 
system, comprising: ^ 

(A) connecting first and second icons with a data flow 
line, the first icon representing a motion control axis 
that includes a controlled electric motor; and the data 
flow line representing the flow of a command reference 
value to the first icon; 

65 

(B) displaying the connection of the first and second icons 
with the data flow line to a user; and 
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wherein the connecting and displaying steps (A) and (B) 
are performed by a programming interface in response 
to user inputs received at a hum an -ma chine interface. 

22. A method according to claim 21, wherein the motion 
control axis is a first motion control axis, wherein the motor 
is a first motor, wherein the second icon is a coordinate 
transformation icon, wherein the first icon is a first motion 
control axis icon and is connected to a first output of the 
coordinate transformation icon, and wherein the method 
further comprises 

(1) connecting a first motion icon to a first input of the 
coordinate transformation icon with a second data flow 
line, 

(2) connecting a second motion icon to a second input of 
the coordinate transformation icon with a third data 
flow line, 

(3) connecting a second motion control axis icon to a 
second output of the coordinate transformation icon 
with a fourth data flow line, the second motion control 
axis icon representing a second motion control axis that 
includes a second controlled electric motor; and 

(4) displaying the connection of the first and second 
motion icons, the coordinate transformation icon, and 
the first and second motion control axis icons with the 
first, second, third, and fourth data flow lines to a user; 
and 

wherein the first, second, third, and fourth data flow lines 
all represent the flow of command reference values; 

wherein the coordinate transformation icon represents a 
coordinate transformation that is performed between 
the command reference values received from the first 
and second motion icons and the command reference 
values provided to the first and second motion control 
axes; and 

wherein the connecting and displaying steps (l)-(4) a *e 
performed by a programming interface in response to 
user inputs received at a human-machine interface. 

23. A method according to claim 21, wherein the motion 
control axis is a first motion control axis, wherein the motor 
is a first motor, wherein the second icon is a CNC interpreter 
icon, wherein the first icon is a first motion control axis icon 
and is connected to a first output of the CNC interpreter icon, 
and wherein the method further comprises 

(1) connecting a second motion control axis icon to a 
second output of the CNC interpreter icon with a 
second data flow line, the second motion control axis 
icon representing a second motion control axis that 
includes a second controlled electric motor; and 

(2) displaying the connection of the CNC interpreter icon 
to the first and second motion control axis icons with 
the first and second data flow lines to a user, and 

wherein the first and second data flow lines all represent 
the flow of command reference values from the CNC 
interpreter icon to the first and second motion control 
axis icons; 

wherein the CNC interpreter icon is capable of being 
programmed in a CNC programming language, and 
interpreting the CNC program thereby created to con- 
trol the first and second motion control axes; and 

wherein the connecting and displaying steps (1) and (2) 
are performed by a programming interface in response 
to user inputs received at a human-machine interface. 

24. A method according to claim 21, wherein the second 
icon is a member selected from the group consisting of a 
move icon, a jog icon, and a time cam icon. 

***** 
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